2H-NbSe 2 is one of the most widely researched transition metal dichalcogenide (TMD) superconductors, which undergoes charge-density wave (CDW) transition at T CDW about 33 K and superconducting transition at T c of 7.3 K. To explore the relation between its superconductivity and Fermi surface nesting, we combined S substitution with Cu intercalation in 2H-NbSe 2 to make Cu x NbSe 2-y S y (0 ≤ x = y ≤ 0.1).
INTRODUCTION
Transition metal dichalcogenides (TMDs) with 1T (octahedrally coordinated) and 2H (trigonal prismatically coordinated) structures have attracted abundant research for decades due their various novel properties, i. e superconductivity and charge density wave (CDW) and topological semimetal states. [1] [2] [3] [4] [5] [6] [7] [8] 2H-NbSe 2 has been researched as the most famous layered superconducting TMD materials bearing CDW state with the superconducting transition temperature (T c ) of 7.3 K and a quasi-two-dimensional incommensurate CDW transition temperature (T ICDW ) of ∼ 33 K. 9 The co-existence of superconductivity and CDW state and its superconducting mechanism have made it a research hotspot. [10] [11] [12] [13] Even if 2H-NbSe 2 has been taken for representative superconductor for many years, it has also been recently found that 2H-NbSe 2 is a multiband superconductor with some similarities to that of MgB 2
superconductor. [14] [15] [16] The relationship between its superconductivity and Fermi surface nesting is still under fierce debate.
In order to figure out this debate, numerous theoretical and experimental articles have been concentrated researching on its behavior. In the experimental case, researchers usually used the familiar and effective ways to tune the superconducting and CDW transition temperatures of this class, including chemical doping (e.g., refs [17] [18] [19] [20] [21] [22] , adopting high pressure (e.g., refs [23] [24] [25] [26] and gating. 27 Especially, a large number of research papers focusing on tuning its superconducting and CDW behavior In this article we report the double doping Cu and S into 2H-NbSe 2 to form Cu x Nb 1-x Se 2-y S y (x = y = 0.06) and Cu x NbSe 2-y S y (0 ≤ x = y ≤ 0.1), respectively, with remaining the 2H structure (see Fig. 1A We adopt powder X-ray diffraction (PXRD) with Bruker D8 Advance ECO equipping LYNXEYE-XE detector and Cu Kα radiation to determine the phase purity of polycrystalline samples. The unit cell parameters were determined by profile fitting the powder diffraction data with the FULLPROF diffraction suite with
Thompson-Cox-Hastings pseudo-Voigt peak shapes. 36 The temperature dependent electrical resistivity (4-point means), magnetic susceptibility and heat capacity of This also demonstrates that c will increases with augment of doping (Fig. 1F) The Cu x NbSe 2-y S y crystal structure shows the central Nb in trigonal prismatically coordinated by randomly occupied chalcogen (S and Se) to form MX 2 layer with Cu intercalating between these layers (Fig. 1D) . The Cu x Nb 1-x Se 2-y S y crystal structure shows the central Nb with Cu-doping in trigonal prismatically coordinated by randomly occupied chalcogen (S and Se) to form MX 2 layer (Fig. 1C) . Figs. S1A-C
show the SEM and EDXS images of Cu 0.06 NbSe 1.71 S 0.08 single crystal. From Fig. S1 , we can confirm that the composition of the single crystal is Cu 0.06 NbSe 1.71 S 0.08 , which has a layer structure and will be used for scanning tunneling microscopy (STM) measurements later. We next adopt systematic research on Cu x NbSe 2-y S y . We further got the test on Cu x NbSe 2-y S y polycrystalline samples after pelletized and sintered for temperature dependence of the normalized electrical resistivities (ρ/ρ 300K ), as shown in Fig. 2C .
We can easily find the obvious, sharp drop of ρ(T) curves which represent the onset of superconductivity at low temperatures (Fig. 2D) . The T c s declined with the increasing doping content. Also, this tendency is also apparently found by the susceptibility data of Cu x NbSe 2-y S y (Fig. 2B) -the superconducting state moves to lower temperatures systematically with the increasing doping content in Cu x NbSe 2-y S y which indicated by the negative magnetic susceptibility. The Cu x NbSe 2-y S y samples show a metallic temperature dependence between 8 K to 300 K (dρ/dT > 0). Also, at low temperature the dρ/dT vs. T curve shows peaks at the corresponding T c s (inset of Fig. 2C ).
In order to get more data of the superconductivity and electronic properties of Cu x NbSe 2-y S y sosoloid, we adopt heat capacity measurements on their polycrystalline samples. Fig. 3 shows the temperature dependent zero-field heat capacity, that is C p /T (Figs. 3) (Table 1) .
vs. T, for Cu
STM imaging gives rise to the real space electronic state information, which has been proved to be the direct experimental evidence of a CDW phases. The Cu 0.06 NbSe 1.71 S 0.08 sample was characterized by our low-temperature STM. Tunneling current is 1nA (a-c, f-j) and 0.1nA (d and e), respectively.
Panel a, f-j are measured on same area, while b-e are acquired on anthers area.
